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MEMORY DEVICE AND METHOD FOR
COUPLING A MAIN BITLINE TO TWO
POINTS OF A LOCAL BITLINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of Italian Application

No. 102019000025411, filed on Dec. 23, 2019, which appli-
cation 1s hereby incorporated herein by reference.

TECHNICAL FIELD

Embodiments generally relate to a non-volatile memory
device and method of operating thereof, the memory device
including a column decoder that reduces the voltage drop
along the selected local bitlines.

BACKGROUND

Phase-change memory (PCM) generally exploits the char-
acteristics of materials having the property of switching
between phases with different electrical characteristics in
order to store data.

SUMMARY

An embodiment non-volatile memory device comprises
an array of memory cells arranged in rows and columns; a
plurality of local bitlines; and a plurality of main bitlines,
cach main bitline being coupleable to a corresponding subset
of local bitlines. The memory cells of each column are
coupled to a corresponding local bitline. The memory device
turther comprises a column decoder, which can be con-
trolled electronically so as to couple each main bitline to a
selected local bitline of the corresponding subset of local
bitlines. The column decoder 1s configured to couple each
main bitline to two different points of the corresponding
selected local bitline.

In a further embodiment according to the preceding
embodiment, each local bitline comprises a first point and a
second point, to which the memory cells of the correspond-
ing column that belong to the first and last rows are
respectively coupled; wherein the column decoder 1s con-
figured to couple each main bitline to the first and second
points of the corresponding selected local bitline.

In a further embodiment according to one of the preceding
embodiments, the column decoder comprises a first subcir-
cuit and a second subcircuit; wherein, for each main bitline,
the first subcircuit comprises, for each local bitline of the
corresponding subset of local bitlines, a corresponding top
switch, which 1s set between the main bitline and the first
point of the local bitline; and wherein, for each main bitline,
the second subcircuit comprises, for each local bitline of the
corresponding subset of local bitlines, a corresponding bot-
tom switch, which 1s set between the main bitline, and the
second point of the local bitline.

In a further embodiment according to one of the preceding,
embodiments, the top switches and the bottom switches are
metal-oxide-semiconductor field-eflect transistors (MOS-
FETs).

In a further embodiment according to one of the preceding
embodiments, the first and second subcircuits are the same
as one another and are arranged in a symmetrical way with
respect to the array of memory cells.

In a further embodiment according to one of the preceding
embodiments, each memory cell comprises a respective
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selector and a respective phase-change element, which 1s
configured to have a first value of resistance or a second
value of resistance, which can be associated to correspond-
ing logic data.

In a further embodiment according to one of the preceding
embodiments, the selector 1s formed by a bipolar transistor.

An embodiment electronic apparatus comprises a
memory device according to any one of the preceding

embodiments; a controller; and a bus configured to electri-
cally couple the controller and the memory device.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention, pre-
ferred embodiments thereof will now be described, purely
by way of non-limiting example, with reference to the
attached drawings, wherein:

FIG. 1 shows a block diagram of a memory device;

FIGS. 2 and 3 show block diagrams of portions of the
memory device illustrated 1 FIG. 1;

FIG. 4A shows a block diagram of a further memory
device;

FIG. 4B shows a block diagram of a portion of the
memory device illustrated 1n FIG. 4A;

FIG. 5 shows a block diagram of a portion of the present
memory device; and

FIG. 6 shows a block diagram of an electronic apparatus
that incorporates the present memory device.

DETAILED DESCRIPTION OF ILLUSTRATIV.
EMBODIMENTS

T

Embodiments of the present invention generally provide
a column decoder that will overcome at least 1n part the
drawbacks of the prior art.

According to embodiments of the present invention, a
memory device and method are provided as defined 1n the
annexed claims.

FIG. 1 shows, by way of example, a memory device 1 of
a known type, which exploits the characteristics of maternials
having the property of switching between phases with
different electrical characteristics 1n order to store data. In
other words, the memory device 1 1s a so-called phase-
change memory (PCM).

The memory device 1 comprises a memory array 2
formed by a plurality of memory cells 3, arranged 1n rows,
or wordlines, and columns, or bitlines. Purely by way of
example, 1llustrated 1n FIG. 1 are three wordlines, denoted
by WL, and three bitlines, denoted by BL, which enable
addressing of nine memory cells 3.

Each memory cell 3 1s formed by a storage element 4a,
also known as phase-change element (PCE), and by a
selector element 45, which are connected 1n series between
a respective bitline BL and a terminal at a reference potential
(for example, ground).

The storage element 4a includes an element made of
phase-change material (for example, a chalcogenide, such as
GST) and 1s consequently able to store data in the form of
levels of resistance associated to the different phases
assumed by the material itself.

The selector element 45 functions as access device and 1s
formed by a bipolar transistor (BJT) of a PNP type, the
emitter terminal of which 1s connected to a first terminal of
the storage element 4a, while the base terminal 1s connected
to a corresponding wordline WL. The collector terminal of
the bipolar transistor 1s connected to ground. In this regard,
cach wordline WL 1s connected to all the base terminals of
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the bipolar transistors aligned along the corresponding row.
Moreover, each bitline BL 1s connected to the second
terminal of the storage elements 4a aligned along the
corresponding column.

In practice, given a memory cell 3, the second terminal of 5

the storage element 4a and the base terminal of the bipolar
transistor 456 form, respectively, a bitline terminal and a
wordline terminal of the memory cell 3.

The memory device 1 further comprises a column decoder
8 and a row decoder 10, which enable selection of the
memory cells 3 on the basis of address signals received at
input (designated as a whole by AS). The address signals AS
can be generated by a control logic CL, which moreover
governs the column decoder 8 and the row decoder 10 so as
to enable reading and writing (also known as programming)
of the memory cells 3 addressed by the address signals AS.
The control logic CL supplies to the column decoder 8 and
to the row decoder 10 also control signals 1n order to govern
the reading/writing operations.

The column decoder 8 and the row decoder 10 enable
biasing, and hence selection, of the wordlines WL and
bitlines BL each time selected so as to select the memory
cells 3 connected to them; 1n this way, reading and writing
of the memory cells 3 are enabled.

In greater detail, the row decoder 10 1s designed to select,
on the basis of the address signals AS, a corresponding
wordline WL. The other wordlines WL are de-selected. For
this purpose, the row decoder 10 comprises a decoding stage
4 and a plurality of driving circuits 6.

The decoding stage 4 receives the address signals AS and
governs the driving circuits 6 according to the address
signals AS. Each driving circuit 6 hence has an input, which
1s connected to the decoding stage 4. Fach driving circuit 6
moreover has an output, which 1s connected to a correspond-
ing wordline WL.

Each driving circuit 6 biases, and hence controls, the base
terminals of the bipolar transistors 46 connected to the
corresponding wordline WL so as to select/de-select the
wordline WL according to the address signals AS.

As regards the column decoder 8, this selects, according
to the address signals AS, one or more bitlines BL. In
practice, the column decoder 8 co-operates with the row
decoder 10 1n such a way that, during the steps of reading or
writing ol any memory cell 3 selected, a reading current or
a writing current, respectively, flows through the storage
clement 4a of the memory cell 3.

In particular, the column decoder 8 1s configured for
implementing within 1t two distinct paths towards the bait-
lines BL of the memory array 2 each time selected: a reading
path, which electrically connects each bitline BL selected to
a reading stage 17, during the reading step; and a writing
path, which electrically connects each bitline BL selected to
a writing stage 18, during the programming step.

The column decoder 8 comprises, for each reading and
writing path, appropriate selection elements (1n particular,
transistors), which are connected so as to implement a
hierarchical decoding of the addresses 1n order to select the
memory cells 3.

As 1llustrated schematically 1 FIG. 2, the memory array
2 1s usually organized in a plurality of sectors S, each of
which comprises a plurality of memory cells 3. Fach sector
S includes a plurality of respective wordlines WL and a
plurality of respective local bitlines, which are designated
once again by BL and are distinct from those of the other
sectors. In each sector S, the local bitlines BL are connected
to the memory cells 3 of one and the same sector S. In
addition, for each set formed by an integer number k (for
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example, thirty-two) of local bitlines BL, a corresponding
main bitline MBL 1s provided. The main bitlines MBL
cnable, when selected at a higher hierarchical level, subse-
quent selection, at a lower hierarchical level, of one or more
of the respective local bitlines BL and of the corresponding
memory cells 3. In addition, different sectors S are traversed
by different wordlines WL.

In general, use of the adjective “local”, when referring to
a bitline or to a wordline, underscores the fact that the bitline
or wordline 1in question belongs to a given sector.

The main bitlines MBL traverse a certain number of
sectors S and can be selected 1n groups at a hierarchical
decoding level even higher than the one associated to
selection of the main bitlines MBL.

In greater detail, the column decoder 8 comprises: for
cach sector S, at least one respective first-level decoding
circuit (designated by 11 in FIG. 2 and also known as “local
column decoder”), which enables connection of the local
bitlines BL to the respective main bitlines MBL both during
the writing operations and during the reading operations; for
cach group of sectors S (constituted, 1n the example of FIG.
2, by two sectors), a respective second-level decoding circuit
(designated by 114 and also known as “global column
decoder”), which enables selection of the main bitlines MBL
both during the writing operations and during the reading
operations.

This having been said, in what follows reference 1s made,
for brevity, to just the reading step, except where otherwise
specified.

The control logic CL sends to the second-level decoding
circuit 114 main column-decoding signals sYN<1>, which
are visible 1 FIG. 3 and form part of the aforementioned
address signals AS and on the basis of which the second-
level decoding circuit 114 activates an electrical path
between a main bitline (here designated by MBL<i1>)
selected and a sense amplifier 46 of the reading stage 17, via
activation of a respective main selection switch (not 1llus-
trated). In this connection, the reading stage 17 comprises a
plurality of sense amplifiers, even though reference is here
made to just the sense amplifier 46.

As mentioned previously, FIG. 3 moreover shows how,
given each sector S, each main bitline MBL<1> 1s associ-
ated, 1.e., electrically coupleable, to a corresponding set of
local bitlines, denoted by BL<1,;>. It should be noted that,
for simplicity, in FIG. 3 the main bitlines are all denoted by
MBL<1>, even though 1n actual fact the value of the index
“1” varies; likewise, the local bitlines are all denoted by
BL<1,1>>, even though 1n actual fact the index “1” depends
upon the mndex of the main bitline to which the local bitline
can be coupled, and the index *4” ranges between 0 and k-1,
for each value of the index *“1”.

Furthermore, given a sector S, the corresponding first-
level decoding circuit 11 1s able to address each memory cell
3 coupled to a local bitline BL<1,1> of the sector S thanks to
the presence of switches, which are driven by respective
local column-decoding signals sYO<1,7>, which are gener-
ated by the control logic CL and also form part of the
aforementioned address signals AS. It should be noted that,
for simplicity, 1n FIG. 3 the two groups of local column-
decoding signals with which the two first-level decoding
circuits 11 are supplied for the two sectors S 1llustrated
herein are both denoted by sYO<1,1>, even though 1n actual
fact they are different, since the control logic CL does not
simultaneously select local bitlines belonging to different
sectlors.

As 1llustrated 1n greater detail in FIG. 4A (where for

simplicity the memory cells 3 are not represented) and 1n
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FIG. 4B, memory devices are known 1n which the first-level
decoding circuit 1 of each sector S 1s divided into a top local
subcircuit 11T and a bottom local subcircuit 11B. In addi-
tion, as may be seen in FIG. 4B, the main bitlines are
subdivided into even main bitlines MBL_ _ , and an odd
main bitlines MBL_ ,,. In addition, 1n each sector S, each
even main bitline MBL _ _ can be coupled, in an electroni-
cally controllable way, to a corresponding subset of, for
example, sixteen local bitlines BL<2U>, with U=0, 1,
2, ..., 15, reterred to 1n what follows also as even local
bitlines BL<2U>; likewise, 1n each sector S, each odd main
bitline MBL_ ., can be coupled, 1n an electronically control-
lable way, to a corresponding subset of sixteen local bitlines
BL<14+2W>, with W=0, 1, 2, .. ., 15, referred to in what
follows also as odd local bitlines BL<1+2W>. The even
local bitlines BL<2U> and odd local bitlines BL<1+2W>
are arranged 1n sequence, alternating with one another, so as
to form a set of thirty-two adjacent local bitlines.

The top local subcircuit 11T controls coupling between
cach even main bitline MBL_ __ and the corresponding
subset of even local bitlines BL<2U>. In addition, the
bottom local subcircuit 11B controls coupling between each

odd main bitline MBL_ ,, and the corresponding subset of
odd local bitlines BL<1+2W=>. The top local subcircuit 11T
15 set above the sector S, whereas the bottom local subcircuit
11B 1s set below the sector S.

In greater detail, with reference, for example, to the even
local bitline BL<0>, in what follows designated by TOP and
BOT are two points of the even local bitline BL<0> that
delimait the portion of even local bitline BL<0> that traverses
the sector S. Consequently, assuming, for example, that the
sector S 1ncludes five hundred and twelve wordlines WL,
and hence assuming that the even local bitline BL<0> 1s
coupled to five hundred and twelve memory cells 3, which
form the corresponding column, and if the memory cells 3,
of the memory cells 3, that belong respectively to the first
and last rows of the sector S are referred to as first and last
memory cells 3 (which are hence memory cells 3 that
occupy the positions one and five hundred and twelve,
respectively, along the column), it 1s found that the storage
clements 4a of the first and last memory cells 3 are con-
nected, respectively, to the point TOP and to the point BOT.
The same considerations apply to the even local bitlines
other than the even local bitline BL.<0>, as well as to the odd
local bitlines BL<1>-BL<31>.

This having been said, the top local subcircuit 11T com-
prises, for each even main bitline MBL  _  (one of which 1s
illustrated 1n FIG. 4B and i1s designated by MBL _ _ <0>),
sixteen transistors (P-channel enhancement MOSFETS),
which are designated, respectively, by YO<0>,
YO<2>, ..., YO<30> and are referred to in what follows
as top addressing transistors. Likewise, the bottom local
subcircuit 11B comprises, for each odd main bitline MBL_, ,
(one of which 1s illustrated 1n FIG. 4B, designated by
MBL_, <0>), another sixteen transistors (P-channel
enhancement MOSFETs), which are designated, respec-
tively, by YO<1>, YO<3>, ..., YO<31> and are referred
to 1n what follows bottom addressing transistors.

Each of the aforementioned top addressing transistors
YO<0>-YO<30> 1s set between the even main bitline
MBL_ _ <0> and a corresponding even local bitline BL<0>-
BL<30>. For instance, with reference to the top addressing
transistor YO<0>, 1ts source terminal (“source™) 1s con-
nected to the even main bitline MBL _ __<0>, while 1ts drain
terminal (“drain™) 1s connected to the even local bitline
BL<0>, and 1n particular to the point TOP of the even local

bitline BL<0>. The memory cell 3 that occupies the first
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position of the column that corresponds to the even local
bitline BL<0> 1s hence the memory cell closest to the top
addressing transistor YO<0>. The same considerations
apply to the other top addressing transistors YO<2>-
YO<30> and the other even local bitlines BL<2>-BL<30>.

Each of the aforementioned bottom addressing transistors
YO<1>-YO<31> 1s set between the odd main bitline
MBL_, <0> and a corresponding odd local bitline BL<1>-
BL<31>. For instance, with reference to the bottom address-
ing transistor YO<1>, its source terminal 1s connected to the
odd main bitline MBL _, <0>, while 1ts drain terminal 1is
connected to the odd local bitline BL<1>, and in particular
to the point BOT of the odd local bitline BL<1>. The
memory cell 3 that occupies the last position of the column
that corresponds to the odd local bitline BL<1> 1s hence the
memory cell closest to the bottom addressing transistor
YO<1>. The same considerations apply to the other bottom
addressing transistors YO<1>-YO<31> and the other odd
local bitlines BL<;>-BL<31>,

Each top addressing transistor YO<0>-YO<30> receives
on 1ts own gate terminal a corresponding local column-
decoding signal, denoted by sYO<0>-sYO<30>, respec-
tively. Likewise, each bottom addressing transistor YO<1>-
YO<31>recetrves, on its own gate terminal, a corresponding
local column-decoding signal, denoted by sYO<1>-
sYO<31>, respectively.

The control logic CL generates the addressing signals
sY O<0>-sYO<30> 1n such a way that only one of the top
addressing transistors YO<0>-YO<30> 1s above threshold,
and hence couple the respective even local bitline BL<2U>
to the even main bitline MBL . <0>. The other top address-
ing transistors Y O<0>-YO<30> are inhibited and, hence, the

corresponding even local bitlines BL<2U> are decoupled
from the even main bitline MBL_ _ <0>. Likewise, the
control logic CL generates the addressing signals sY 1<0>-
sYO<31> 1 such a way that only one of the bottom
addressing transistors YO<1>-YO<31> 1s above threshold,
and hence couples the respective odd local bitline BL<1+
2W> to the odd main bitline MBL _ , <0>; the other bottom
addressing transistors YO<1>-YO<31> are inhibited and,
hence, the corresponding odd local bitlines BL<1+2W> are
decoupled from the odd main bitline MBL _ , <0>.

All this having been said, the present applicant has noted
how, with reference, for example, to any even local bitline
BL<2U>, when this 1s selected, and for instance in the
reading step, a voltage drop occurs along the bitline 1tself
(the mildly resistive behaviour of which 1s represented, in
FIG. 4B, by a corresponding resistor), the voltage drop being
to the flow of a reading current, which comes from the even
main bitline MBL _ __<0>. Consequently, the memory cells
3 coupled to the even local bitline BL<2U> selected do not
all see one and the same voltage, with consequent onset of
undesirable asymmetries and irregularities. In particular, of
the memory cells 3 coupled to the even local bitline
BL<2U> selected, the memory cell 3 that undergoes the
maximum voltage drop, with respect to the voltage present
on the even main bithne MBL _ _ <0>, 1s the one located 1n
the last row, 1.e., the one connected to the point BOT of the
even local bitline BL<2U> selected. Similar considerations
apply to the odd local bitlines BL<14+2W>, in which case,
however, of the memory cells 3 coupled to the odd local
bitline BL<1+2W> selected, the memory cell 3 that under-
goes the maximum voltage drop, with respect to the voltage
present on the odd main bitline MBL_, <0>, 1s the one
connected to the point TOP of the odd local bitline BL<1+
2W> selected. Irrespective of whether the local bitline 1s

even or odd, the maximum reduction 1n voltage (with respect
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to the voltage of the main bitline MBL) that a memory cell
3 selected undergoes 1s equal to AV=R:'I__,,, where R 1s the
resistance of the local bitline, between the respective point
TOP and the respective pomnt BOT, whereas 1__,, 1s the
current that, coming from the reading stage 17, flows in the
corresponding main bitline MBL and then traverses the
entire local bitline.

The present applicant has noted how it 1s desirable, given
selection of any local bitline, for the memory cells coupled
thereto, and 1n particular the corresponding bitline terminals
to be as much as possible subject to one and the same
voltage, as close as possible to the voltage present on the
corresponding main bitline selected. In this way, a better
uniformity of behaviour of the memory device 1s guaran-
teed, wrrespective of the memory area that 1s each time
selected for reading/writing.

FIG. § shows a column decoder 108, which 1s now
described as regards the differences with respect to what has
been 1llustrated i FIGS. 4A-4B. Elements already illus-
trated 1n FIGS. 4A-4B are designated by the same refer-
ences, except where otherwise specified.

In detail, in the column decoder 108 each main bitline

(designated by MBL) 1s connected to a corresponding set
formed by k (for example, thirty-two) local bitlines BL,
arranged 1n succession; 1n other words, each main bitline
MBL 1s connected both to even local bitlines and to odd
local bitlines. Purely by way of example, 1n FIG. 5 a generic
1-th main bitline MBL<1> 1s shown.
In addition, the top local subcircuit (here designated by
11T") comprises, for each main bitline MBL, k top address-
ing transistors, which are once again P-channel enhance-
ment MOSFETs and are denoted, respectively, with YO'<0>,
YO'<1>, ..., YO<31> The drain terminal of the k-th top
addressing transistor YO'<k> 1s connected to the point TOP
of the k-th local bitline BL<k>; moreover, the gate terminal
of the k-th top addressing transistor YO'<k> receives the
k-th local column-decoding signal, denoted by sYO'<k>.
Moreover, the source terminals of all thirty-two top address-
ing transistors YO'<0>-Y(O'<31> are connected to the cor-
responding main bitline MBL.

The bottom local subcircuit (here designated by 11B') 1s
identical to the top local subcircuit 11T'. In addition, the
bottom local subcircuit 11B' and the top local subcircuit 11T
are arranged 1 a symmetrical way with respect to the
sector S.

In detail, the bottom local subcircuit 11B' comprises, for
cach main bitline MBL, k bottom addressing transistors

(P-channel enhancement MOSFETs), which are denoted,
respectively, by YO"<0>, YO"<1>, . . ., YO"<31>. The
drain terminal of the k-th bottom addressing transistor
YO"<k> 1s connected to the point BOT of the k-th local
bitline BL<k>. In addition, the gate terminal of the k-th
bottom addressing transistor YO"<k> receives the k-th local
column-decoding signal sYO'<k>. Moreover, the source
terminals of all thirty-two bottom addressing transistors
YO"<0>-YO"<31> are connected to the corresponding main
bitline MBL.

In practice, the k-th local bitline BL<k> 1s connected, to
its two ends, to the drain terminals of the k-th top addressing
transistor YO'<k> and of the k-th bottom addressing tran-
sistor YO"<k>, which are both governed by the k-th local
column-decoding signal sYO'<k> and hence operate in one
and the same operating condition (ON/OFF).

In use, when the control logic CL selects a memory cell
3 coupled to the k-th local bitline BL<k>, the k-th local
column-decoding signal sYO'<k> assumes a high logic
value 1n such a way that the k-th top addressing transistor
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YO'<k> and the k-th bottom addressing transistor YO"<k>
are 1n conduction mode. Both the point TOP and the point
BOT of the k-th local bitline BL<k> are hence connected to
the main bitline MBL, to which, in a way 1n 1itself known,
voltage 1s applied, 1n the reading step, by a sense amplifier
46 of the reading stage 17. Consequently, 11 we denote again
by I, the current that flows 1n the main bitline MBL,
coming from the reading stage 17, 1t divides into two
currents I__,/2, which, after traversing, respectively, the k-th

cell

top addressing transistor YO'<k> and the k-th bottom
addressing transistor YO"<k>, are injected, respectively, at
the point TOP and at the point BOT of the k-th local bitline
BL<k>. For instance, 1n FIG. 5 1t has been assumed that a
memory cell 3 coupled to the local bitline BL<0> has been
selected.

In this way, it 1s found that, of the memory cells 3 coupled
to the local bitline BL selected, the memory cell 3 that
undergoes the maximum voltage drop with respect to the
voltage present on the main bitline MBL 1s the memory cell
3 coupled to the row set half way through the sector S, 1.e.,
assuming, for example, that each sector S includes five
hundred and twelve rows, the two hundredth and fiftieth row.
However, when the memory cell 3 1s selected, 1t couples to
a point of the corresponding local bitline BL intermediate
between the corresponding points TOP and BOT, the voltage
of which 1s reduced, as compared to the voltage present on
the main bitline MBL, by an amount AV=(%4)-R-1__,,, where
R 1s once again the resistance of the local bitline BL between
the pomnt TOP and the point BOT. In other words, the
maximum reduction 1n voltage 1s reduced to one quarter as
compared to the prior art, with evident benefits 1n terms of
uniformity of the behaviour of the memory device, as the
position of the memory cells that are each time selected
varies. The above advantages may be appreciated both in the
reading step, to which reference has been made previously,
and 1n the writing step, where the main bitlines MBL are
connected by the second-level decoding circuit 114 to the
writing stage 18, and in particular to so-called program load
circuits (not shown), istead of to the sense amplifiers 46 of
the reading stage 17.

In addition, the present column decoder enables reduction
of the maximum voltage to be applied to the main bitlines
during the reading and writing operations, with consequent
reduction in the consumption levels and 1n the electrical
stress on the transistors used in decoding.

FIG. 6 shows an example of application of a memory
device 100 that includes the column decoder 108. In par-
ticular, FI1G. 6 illustrates a portion of an electronic apparatus
570, which may, for example, be: a PDA (personal digital
assistant); a portable or fixed computer, possibly with wire-
less data-transtier capacity; a mobile phone; a digital audio
player; a photographic camera or a camcorder; or further
devices that are able to process, store, transmit, and receiv-
ing information.

In detail, the electronic apparatus 570 comprises: a con-
troller 571 (for example, provided with a microprocessor, a
DSP, or a microcontroller); an mput/output device 572 (for
example, provided with a keypad and a display), for mput
and display of the data; the memory device wo; a wireless
interface 374, for example an antenna, for transmitting and
receiving data through a radiofrequency wireless communi-
cation network; and a RAM 575. All the components of the
clectronic apparatus 570 are coupled through a bus 576. It 1s
possible to use a battery 577 as electrical supply source in
the electronic apparatus 570, which may moreover be pro-
vided with a photographic or video camera 578. In addition,
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the controller 571 can control the memory device wo, for
example by co-operating with the control logic CL.

Finally, it 1s clear that modifications and variations may be
made to what has been described and illustrated herein,
without thereby departing from the scope of the present
invention, as defined 1n the annexed claims.

For instance, the memory cells may be of a type diflerent
from what has been described. In particular, the selector
clement 45 may be of a type different from what has been
described; for example, 1t may be a MOSFET. On the other
hand, the selector element 45 may even be absent, as, for
example, 1n the case of a so-called non-volatile memory
device of a flash type.

What 1s claimed 1s:

1. A non-volatile memory device comprising:

an array of memory cells arranged in rows and columuns;

a plurality of local bitlines;

a plurality of main bitlines, wherein each same main
bitline 1s coupleable to a corresponding subset of local
bitlines, and wherein the memory cells of each column
are coupled to a corresponding local bitline; and

a column decoder, wherein the column decoder 1s elec-
tronically controllable to couple each same main bitline
to a selected local bitline of the corresponding subset of
local bitlines, and wherein the column decoder 1is
configured to couple each same main bitline to two
different points of the corresponding selected local
bitline using a same respective select signal.

2. The memory device according to claim 1,

wherein each local bitline comprises a first point and a
second point, to which the memory cells of the corre-
sponding column that belong to first and last rows are
respectively coupled; and

wherein the column decoder 1s configured to couple each
same main bitline to the first and second points of the
corresponding selected local bitline.

3. The memory device according to claim 2,

wherein the column decoder comprises a first subcircuit
and a second subcircuit;

wherein, for each same main bitline, the first subcircuit
comprises, for each local bitline of the corresponding
subset of local bitlines, a corresponding top switch,
which 1s set between the same main bitline and the first
point of the local bitline; and

wherein, for each same main bitline, the second subcircuit
comprises, for each local bitline of the corresponding
subset of local bitlines, a corresponding bottom switch,
which 1s set between the same main bitline and the
second point of the local bitline.

4. The memory device according to claim 3, wherein the
top switches and the bottom switches are metal-oxide-
semiconductor field-effect transistors (MOSFETS).

5. The memory device according to claim 3, wherein the
first and second subcircuits are the same as one another and
are arranged symmetrically with respect to the array of
memory cells.

6. The memory device according to claim 1, wherein each
memory cell comprises a respective selector and a respective
phase-change element, which 1s configured to have a first
value of resistance or a second value of resistance, which
can be associated to corresponding logic data.

7. The memory device according to claim 6, wherein each
respective selector comprises a bipolar transistor.
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8. An electronic apparatus comprising:

a memory device comprising:

an array of memory cells arranged 1n rows and col-
umns;

a plurality of local bitlines;

a plurality of main bitlines, wherein each same main
bitline 1s coupleable to a corresponding subset of
local bitlines, and wherein the memory cells of each
column are coupled to a corresponding local bitline;
and

a column decoder, wherein the column decoder 1is
clectronically controllable to couple each same main
bitline to a selected local bitline of the corresponding
subset of local bitlines, and wherein the column
decoder 1s configured to couple each same main
bitline to two different points of the corresponding
selected local bitline using a same respective select
signal;

a controller; and

a bus electrically coupling the controller and the memory

device.

9. The electronic apparatus according to claim 8,

wherein each local bitline comprises a first point and a

second point, to which the memory cells of the corre-

sponding column that belong to first and last rows are
respectively coupled; and

wherein the column decoder 1s configured to couple each

same main bitline to the first and second points of the

corresponding selected local bitline.

10. The electronic apparatus according to claim 9,

wherein the column decoder comprises a first subcircuit

and a second subcircuit;

wherein, for each same main bitline, the first subcircuit

comprises, for each local bitline of the corresponding

subset of local bitlines, a corresponding top switch,
which 1s set between the same main bitline and the first
point of the local bitline; and

wherein, for each same main bitline, the second subcircuit

comprises, for each local bitline of the corresponding

subset of local bitlines, a corresponding bottom switch,
which 1s set between the same main bitline and the
second point of the local bitline.

11. The electronic apparatus according to claim 10,
wherein the top switches and the bottom switches are
metal-oxide-semiconductor field-efiect transistors (MOS-
FETs).

12. The electronic apparatus according to claim 10,
wherein the first and second subcircuits are the same as one
another and are arranged symmetrically with respect to the
array of memory cells.

13. The electronic apparatus according to claim 8,
wherein each memory cell comprises a respective selector
and a respective phase-change element, which 1s configured
to have a first value of resistance or a second value of
resistance, which can be associated to corresponding logic
data.

14. The electronic apparatus according to claim 13,
wherein each respective selector comprises a bipolar tran-
s1stor.

15. A method of operating a non-volatile memory device

comprising an array ol memory cells arranged 1n rows and
columns, a plurality of local bitlines, a plurality of main
bitlines, and a column decoder, the memory cells of each
column being coupled to a corresponding local bitline, and
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cach same main bitline being coupleable to a corresponding
subset of local bitlines, the method comprising:
controlling the column decoder to couple a selected same
main bitline to a selected local bitline of the corre-
sponding subset of local bitlines; and
coupling, by the column decoder, the selected same main
bitline to two diflerent points of the corresponding
selected local bitline using a same respective select

signal.

16. The method according to claim 15, wherein each local
bitline comprises a first point and a second point, to which
the memory cells of the corresponding column that belong
to first and last rows are respectively coupled, and the
method further comprises:

coupling, by the column decoder, the selected same main

bitline to the first and second points of the correspond-
ing selected local bitline.

17. The method according to claim 16, wherein, for each
same main bitline, a first subcircuit of the column decoder
comprises, for each local bitline of the corresponding subset
of local bitlines, a corresponding top switch between the
same main bitline and the first point of the local bitline, and,
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for each same main bitline, a second subcircuit of the

column decoder comprises, for each local bitline of the

corresponding subset of local bitlines, a corresponding bot-

tom switch between the same main bitline and the second

point of the local bitline, and the method further comprises:

turning on, for the selected local bitline, the correspond-
ing top and bottom switches.

18. The method according to claim 17, wherein the top
and bottom switches are metal-oxide-semiconductor field-
ellect transistors (MOSFETs) controlled by the column
decoder.

19. The method according to claim 17, wherein the first
and second subcircuits are the same as one another and are
symmetrically controlled with respect to the array of
memory cells.

20. The method according to claim 15, wherein each
memory cell comprises a respective selector and a respective
phase-change element, and the method further comprises:

setting, for each memory cell, a first value of resistance or

a second value of resistance associated with corre-
sponding logic data.

G o e = x
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